Well-established risk factors for HF include age, hypertension, tobacco use, diabetes mellitus, obesity, high alcohol intake, previous myocardial infarction, sleep apnea, 2 and valve disease. [3] [4] [5] [6] Although many studies have examined the association between physical activity and cardiovascular disease (CVD) mortality, 7-12 much less is known about the association between physical activity and HF mortality. Studies that have examined this association relied exclusively on self-reported physical activity patterns, [13] [14] [15] which are only moderately correlated with objective measures of cardiorespiratory fitness (CRF). 16 To our knowledge, there are no reported data relating an objective measure of CRF with HF mortality. Although there has been an important recent report on the joint exposures of multiple adiposity measures, physical activity, and incidence of HF, 14 there are no reported data on the joint exposures of CRF and body mass index (BMI) with subsequent HF mortality. Because overweight and obesity, as well as physical inactivity, are highly prevalent in the US population, 17,18 we think it is important to examine these issues. Thus, the primary purpose of our investigation is to examine the individual and joint associations among CRF, BMI, and HF mortality in a large cohort of men in the Cooper Center Longitudinal Study (CCLS). A secondary purpose is to examine the additive effect of an increasing number of risk factors on HF mortality in fit versus unfit men.
1971-2010. All participants were US residents, and the majority (≈90%) were white and from middle-to-upper socioeconomic strata. After receiving written informed consent from each participant, a clinical evaluation was performed and included an examination by a physician, fasting blood chemistry assessment, personal and family health history, anthropometry, resting blood pressure and ECG, and a maximal graded treadmill exercise test. A standard physician's scale and stadiometer were used to measure weight and height. BMI was calculated as weight in kilograms divided by height in meters squared. We categorized men as normal weight (BMI, 18.5-24.9 kg/m 2 ), overweight (BMI, 25.0-29.9 kg/m 2 ), or obese (BMI ≥30 kg/m 2 ).
CRF was quantified as the duration of a maximal treadmill exercise test using a modified Balke protocol 20 as described elsewhere. Exercise duration from this protocol correlated highly (r=0.92) with directly measured maximal oxygen uptake in men. 21 All participants were encouraged to provide a maximal effort, and those that did not achieve ≥85% of age-predicted maximal heart rate (n=1697) were excluded from the analyses. We felt it was important to exclude these men to avoid CRF misclassification and because some men in this group may have had subclinical disease, which may have prevented them from achieving a maximal test. To standardize exercise test performance, we computed maximal metabolic equivalent (MET; 1 MET=3.5 mL O 2 uptake/kg body weight per minute) levels of CRF based on the final treadmill speed and grade. 22 Trained Cooper Clinic technicians analyzed blood chemistry using automated techniques following standardized procedures. This laboratory participates in and meets quality control standards of the Centers for Disease Control and Prevention Lipid Standardization Program. The CCLS undergoes annual review and approval by the Institutional Review Board of The Cooper Institute.
Men with previously diagnosed HF, myocardial infarction, stroke, or cancer (n=5945), as well as men with a BMI <18.5 kg/m 2 (n=82) and men with <1 year (n=670) of follow-up, were excluded from analyses. Following these exclusions, the resultant sample size of the cohort was 44 674.
Mortality Surveillance
The National Death Index was used to ascertain vital status. The National Death Index has a sensitivity of 96% and a specificity of 100% for determining deaths in the general population. 23 Once we identified possible decedents, Departments of Vital Statistics in the appropriate states were contacted, and official copies of death certificates were requested. We compared information on the death certificates with clinical records to confirm that the death certificate matched the individual. A nosologist coded the underlying and contributing causes of death according to the International Classification of Diseases, Ninth and Tenth Editions, Revised.
Statistical Analyses
We followed study participants for mortality from the date of their baseline examination to the date of death for decedents or to December 31, 2010, for survivors. We computed man-years of exposure as the sum of follow-up time among decedents and survivors. There were 153 HF deaths identified during an average of 19.8±10.4 years of follow-up and 883 870 man-years of exposure. Cox proportional hazards regression analysis was used to estimate hazard ratios (HRs) and 95% confidence intervals of HF mortality according to exposure categories. HRs were used instead of odds ratios because HRs are used in cohort studies to express the relative effect of a variable on the risk of an event over time. In our primary analysis, BMI was grouped as described previously. CRF was grouped as low fit (lowest 20%), moderate fit (next 40%), and high fit (highest 40%) according to age-standardized normative data based on maximal treadmill exercise test duration as described elsewhere. 19 Multivariate analyses included age (years), examination year, smoking status (never, past, current), resting systolic blood pressure, BMI (where applicable), presence of diabetes mellitus, and family history of CVD. These 7 factors will henceforth be referred to as covariables. Tests of linear trends in mortality rates and risk estimates across exposure categories were computed using ordinal scoring. We also examined the joint exposures of BMI and CRF with HF mortality. In these analyses, BMI exposure groups were based on those previously described. CRF was grouped as fit and unfit based on the upper 80% and the lower 20% of the age-standardized CRF distribution, as previously reported in the CCLS. 24 Next, comparisons of HF mortality between fit and unfit men were performed within groups of men, with 0, 1, or ≥2 risk factors. Finally, we examined the HRs for each of the individual HF risk factors, with the low-risk group (normal resting blood pressure and no personal history of hypertension, current nonsmoker, no personal history of diabetes mellitus, BMI <30 kg/m 2 , fit, and no family history of CVD) as the referent and using dichotomies for all comparisons. We assessed interaction among exposure groups using likelihood ratio tests of nested models. All P values are 2-sided, and P<0.05 was considered statistically significant.
Results
Of the 1486 total CVD deaths in the cohort, 153 (10.2%) were from HF. Baseline characteristics of the overall cohort according to vital status are presented in Table 1 . On average, decedents were significantly older (49.8 versus 43.4 years), had higher BMI (27.8 versus 26.7 kg/m 2 ), lower CRF (9.6 versus 11.7 METs), higher resting systolic (131.0 versus 121.6 mm Hg) and diastolic (86.5 versus 81.5 mm Hg) blood pressure, and higher total cholesterol (223.2 versus 206.9 mg/dL), triglyceride (179.5 versus 137.5 mg/dL), and blood glucose (111.1 versus 99.8 mg/dL) values than survivors. In addition, decedents had a higher prevalence of smoking than survivors (24.8% versus 17.4%), as well as a higher prevalence of diabetes mellitus (6.5% versus 1.8%) and hypertension (32.0% versus 14.4%; P<0.01 for all comparisons).
Baseline characteristics of the cohort across CRF categories are presented in Table 2 . Other than alcohol intake and family history of CVD, which were similar across categories of CRF, each of the baseline characteristics was significantly associated with categories of CRF. More specifically, higher levels of CRF were strongly associated with more favorable risk status (P for trend <0.0001 for each characteristic).
Adjusted HRs for HF mortality according to exposures group are presented in Table 3 . There was a significant inverse trend in HF mortality across CRF categories (HRs=1.0, 1.63, and 3.97 for high-, moderate-, and low-fit men, respectively; P for trend <0.0001). The trend was only slightly attenuated (P<0.0001) after adjustment for BMI (results not shown). As also shown in Table 3 , there was a significant positive trend in HF mortality across incremental BMI categories (HRs=1.0, 1.56, and 3.71 for normal weight, overweight, and obese men, respectively; P for trend <0.0001). The trend was only slightly attenuated (P<0.003) after adjustment for CRF (results not shown).
To place our findings into a more clinically relevant perspective, we jointly regressed HF mortality rates on BMI and CRF exposures grouped according to standardized definitions ( Figure 1 ). HRs across incremental BMI categories of normal weight, overweight, and obese men were higher in unfit (3.96, 3.64, and 6.11, respectively) than fit (1.0, 1.72, and 4.47, respectively) men. However, these differences reached statistical significance in the normal weight and overweight BMI categories only (P<0.002).
We next examined HF mortality in fit versus unfit men within groups having none (referent) or any 1 or ≥2 risk September 2013 factors ( Figure 2 ). Within each of these 3 groups, fit men had significantly lower HF mortality than unfit men (P<0.02). In Figure 3 , we show the age-adjusted and examination year-adjusted HRs for HF mortality using each individual HF risk factor. HRs for obese (3.29, 2.3-4.7) and unfit (3.37, 2.4-4.7) men were similar and were the highest of all risk factors examined.
Discussion
To our knowledge, this is the first study using objective measures of both CRF and BMI examining the individual and joint associations among CRF, BMI, and HF mortality in men, as well as examining HF mortality in fit versus unfit men with a varying number of risk factors. CRF was strongly and inversely associated with HF mortality. Compared with men with high CRF, moderate-fit and low-fit men were 1.63 and 3.97× more likely to die from HF, respectively, after adjusting for potential confounding variables during an average follow-up of 19.8 years. BMI was also independently and significantly associated with HF mortality. Importantly, mortality rates were lower in fit than unfit men within each BMI strata, particularly within the normal weight and overweight groups. These findings suggest that among men with no personal history of CVD at baseline, measurement of both CRF and BMI may be preferable to measurement of BMI only for assessing risk of future HF mortality.
As mentioned, a moderate-to-high level of CRF did not provide as much protection from HF mortality in obese men compared with normal weight and overweight men. On exploring this finding further, we determined that the average MET level for fit-obese men (11.0±1.2) was lower than that in fit-overweight (12.0±1.7) and fit-normal weight men (13.2±2.2; P for trend <0.0001). Thus, in the obese group, the level of CRF in moderate-to high-fit men may not be sufficiently greater than that in unfit men to provide cardioprotective benefit in HF mortality.
An additional novel finding was the marked difference in HF mortality between fit and unfit men with the same number of HF risk factors. HRs for fit men with 0, any 1, or ≥2 risk factors were substantially lower than those in unfit men with the same number of risk factors. For example, among men with ≥2 risk factors, HRs for fit versus unfit were 3.01 and 7.27, respectively (P=0.0002). Thus, a moderate-to-high level of CRF seems to offer substantial protection against HF mortality, irrespective of the number of traditional HF risk factors present. Our findings are consistent with other CCLS articles that have shown that relative to low-fit individuals, attaining a moderate-to-high level of CRF attenuates mortality risk in obese individuals, 25 hypertensives, 26 type 2 diabetes mellitus individuals, 27 and smokers. 28 We were also able to compare the relative strength of each risk factor on HF mortality. Low CRF (unfit) and obesity emerged as the 2 strongest risk factors, with HRs of 3.37 and 3.29, respectively (P<0.0001 for each). As previously mentioned, there are few studies in the literature that have examined the relationships among physical activity, adiposity, and HF incidence. In a recent study of 28 842 Finnish men with a mean follow-up of 18.4 years, Hu et al 14 reported an inverse association between physical activity and the incidence of HF, as well as a direct association between various adiposity measures and incidence of HF. Joint associations revealed a protective effect of physical activity across all levels of BMI. For 21 094 male participants in the Physicians Health Study, a strong positive association was reported between BMI and HF incidence, and a strong inverse association was found between vigorous physical activity and HF incidence. 13 More specifically, each 1 kg/m 2 increase in BMI was associated with an 11% increase in HF incidence, and men who reported vigorous physical activity 5 to 7 days per week were 27% less likely to develop HF compared with men who reported that they rarely or never performed vigorous activity. Within each category of BMI, risk of HF incidence was reduced in men who reported vigorous physical activity. In this same study, the effects of BMI and vigorous activity on HF mortality were shown to be similar to their effects on HF incidence.
There are many possible mechanisms by which moderateto-high CRF may be protective against HF mortality. As early as 1972, cross-sectional analyses by Bjorntorp showed that fit middle-aged men had significantly lower insulin responses to a glucose challenge than their unfit peers. 29 Numerous training and prospective studies performed since that time have shown that moderate-to-high levels of physical activity are associated with improved insulin sensitivity, 30 which in turn reduces the incidence of type 2 diabetes mellitus 31 and metabolic syndrome. 32 Furthermore, mortality among individuals with type 2 diabetes mellitus 33 and metabolic syndrome 34 is significantly lower across increasing levels of CRF. In both cross-sectional 35 and prospective studies, moderate-to-high levels of CRF are shown to be associated with more favorable blood lipid profiles, 36 decreased resting blood pressure, 37 and decreased mortality among those with hypertension, 26 as well as a decreased likelihood of developing hypertension. 38 In addition to exerting favorable effects on HF risk factors, there is cross-sectional and prospective evidence that exercise training is associated with beneficial structural and functional changes in the myocardium. Levy et al 39 found that a progressive 6-month aerobic training program significantly increased end-diastolic volume, absolute peak filling rate, and peak early or single peak diastolic filling rate at rest and during exercise at all matched heart rates in younger (n=17) and older (n=14) men. In cross-sectional analyses, Seals et al 40 found that endurance-trained older men had significantly better left ventricular (LV) systolic function than sedentary controls. More specifically, the trained men had greater LV end-diastolic volume at rest and during peak exercise, as well as greater LV exercise reserve (defined as the change in ejection fraction between rest and exercise). In addition, a greater decrease in end-systolic volume was shown in the trained men during exercise than the controls, despite similar increases in systolic blood pressure in the 2 groups. LV fractional shortening was also higher during peak exercise in the trained group. Because the LV wall thickness-to-radius ratio did not differ between the 2 groups, these findings indicated a pattern of volumeoverload LV hypertrophy in the trained men. In a cross-sectional study comparing long-distance runners with sedentary controls, Haskell et al 41 controls during nitroglycerin administration. More recently, greater coronary vasodilation in response to nitroglycerin was shown in a more representative population (physically active older individuals versus less active older individuals). Both daily volume and intensity of activity were significantly correlated to vasodilation. 42 These findings remained significant after adjustment for several potential confounders. Fujimoto et al 43 examined the effects of a 1-year progressive jogging program on myocardial function in 9 sedentary men and women with a mean age of 70 years. After training, volume-overload LV hypertrophy was shown. Although aerobic power, total aortic compliance, and arterial elastance were significantly improved by training, there was no change in LV stiffness. The authors speculated that the lack of improvement in LV stiffness may have been because of either the age at which the exercise program was initiated or an insufficient duration of training.
An important point to consider when interpreting the joint associations of CRF and BMI with HF mortality is the method in which CRF was grouped for this analysis. Currently, there is no widely accepted method of defining CRF levels for use in clinical or public health research. In the CCLS, we standardized the definition of low fitness (unfit) according to the bottom 20% of the age-standardized distribution of maximal exercise duration within the overall CCLS population, with individuals in the remaining 80% of the distribution considered to be fit. 19 By our definition, it would thus seem that even modest levels of CRF are associated with lower risk of HF mortality. For example, a 50-to 59-year-old man would need to achieve a maximal MET level of ≥8.9 to qualify for the fit category. This is equivalent to covering ≈1.2 miles in the Cooper 12-minute run-walk test 44 or achieving a treadmill time of ≈8.5 minutes on a standard Bruce treadmill test. 22 This level of CRF can be achieved by many, perhaps even most, apparently healthy adults through moderate amounts and intensities of aerobic physical activity such as brisk walking. 45 Among the strengths of the current study are a large and well-characterized cohort of men, the use of objective measures for CRF and BMI, and an extensive follow-up. Although BMI is a proxy measure of body fatness, it was significantly correlated with percent body fat in the subset of the cohort for whom percent body fat was measured (n=39 971; r=0.68; data not shown). To decrease the possibility that pre-existing disease was present at baseline, men with a BMI <18.5 kg/m 2 , those who were not able to achieve ≥85% of predicted maximal heart rate, and men with <1 year of follow-up were excluded from analyses. Restricting our analyses to men with ≥3 years of follow-up (n=42 764) did not materially change the strength or patterns of these associations (data not shown), making us more confident that subclinical HF was not a cause of low CRF and subsequent greater HF mortality in the low-fit group. We were also able to adjust for a large number of potentially confounding variables in the multivariate analyses.
This study has limitations. The cohort consists of only men who are primarily white and from middle-to-upper socioeconomic strata; therefore, our findings must be cautiously interpreted when generalizing to other populations. This same limitation strengthens the internal validity of our findings by reducing potential confounding by these variables. Furthermore, median levels of CRF in CCLS men are similar to median values obtained on a representative sample of US men. 46 We also point out that the overall prevalence of metabolic syndrome among men in the CCLS cohort between 1979 and 2010 is ≈25%, which is similar to the prevalence that has been reported among NHANES (National Health and Nutrition Examination Survey) men in recent years. 47 These findings suggest that Cooper Clinic men have similar risk profiles compared with other US men.
Using CRF and BMI exposures as categorical rather than continuous variables could also be viewed as a potential limitation. We chose the latter approach because we feel that the use of clinically established cut points is more understandable and useful for healthcare professionals. Because a relatively large number of decedents in the cohort did not have a waist circumference measurement (n=78), we were unable to evaluate the effects of central adiposity on mortality risk. We are reporting only baseline data on adiposity exposures and CRF. It is possible that changes in these exposures may have occurred during the follow-up period, which in turn may have influenced our results. An additional limitation includes the absence of more extensive information on smoking habits, such as number of pack-years. The relatively low number of obese men (n=7244; 16%) in the cohort may have limited our ability to detect a significant difference in mortality between fit and unfit obese men. Because the Cooper Clinic did not begin to measure high-density lipoprotein and low-density lipoprotein cholesterol until 1978, we have missing data for these variables in Table 1 . We do not have information regarding the presence or absence of sleep apnea in the cohort. Because high alcohol intake (>21 drinks/week) was not significantly associated with HF mortality in our cohort and because a substantial number of men (n=7952) had missing data for the alcohol intake question, we did not include this variable in our multivariate analyses. However, by including men in the analyses who were missing the alcohol intake variable, we were able to increase our number of HF deaths. Finally, we were unable to evaluate medication use or dietary factors in this cohort.
In summary, the inverse relationship between baseline CRF and HF mortality in men is quite strong and is materially unaffected by adjustment for BMI and other potential confounders. Within each category of BMI, HF mortality was lower in fit compared with unfit men. Irrespective of the number of risk factors present, fit men had substantially lower HF mortality than unfit men. When examining the individual strength of each risk factor on HF mortality, low CRF (unfit) and obesity functioned as the strongest risk factors. Regardless of the number of HF risk factors present, clinicians are encouraged to counsel their male patients to increase their levels of physical activity with the goal of achieving at least a moderate level of CRF, thereby presumably decreasing their risk of HF mortality.
